The intraspecies diversity of an opportunistic yeast pathogen, Cryptococcus laurentii, was revealed by analysis of the sequences of the internal transcribed spacer regions and the 28S rRNA gene. Ten strains of C. laurentii were grouped into two major phylogenetic groups and were further divided into at least seven species. Four of the strains isolated from patients did not represent a single species but showed heterogeneity. These results suggest that C. laurentii is a genetically heterogeneous species, and this must be taken into consideration when identifying C. laurentii clinical isolates.
Cryptococcosis, which is usually caused by Cryptococcus neoformans, is considered one of the most serious fungal infections that can occur in immunocompromised patients. Non-C. neoformans species have generally been regarded as nonpathogenic saprophytes. In recent years, however, opportunistic infections associated with C. albidus, C. curvatus, C. humicolus, and C. laurentii have been reported (6, 7, 9, 14, 24) and reports of cases of infection due to C. laurentii have been increasing. Taxonomically, C. laurentii is reported to be a heterogeneous species on the basis of its nuclear DNA base composition and whole-cell protein electrophoretic fingerprints (23) . The genus Cryptococcus is also polyphyletic, according to molecular phylogenies (2, 21) .
In this report we reveal the intraspecies diversity of C. laurentii as determined by analyses of the internal transcribed spacer (ITS) and 28S rRNA gene (rDNA) sequences and also discuss the taxonomic position of C. laurentii clinical isolates.
MATERIALS AND METHODS
Strains used. The 10 strains of C. laurentii listed in Table 1 were studied. They are stock strains from the Centraalbureau voor Schimmelcultures (CBS) and the Japan Collection of Microorganisms (JCM).
Direct DNA sequencing. Nuclear DNA was extracted by the method of Makimura et al. (11) . The D1-D2 28S rDNA and ITS sequences were directly determined by using PCR products. For D1-D2 28S rDNA, the primers NL-1 (5Ј-G CATATCAATAAGCGGAGGAAAAG) and NL-4 (5Ј-GGTCCGTGTTTCAA GACGG) were used (10) . The ITS sequences were determined with the primers pITS-F (5Ј-GTCGTAACAAGGTTAACCTGCGG) and pITS-R (5Ј-TCCTCC GCTTATTGATATGC) (19) . The PCR products were sequenced with an ABI PRISM Cycle Sequencing kit (Perkin-Elmer Applied Biosystems, Foster City, Calif.).
Molecular phylogenetic analysis. The sequences were aligned with the computer program CLUSTAL W, version 1.74 (22) . The evolutionary distance for the neighbor-joining method was calculated as described by Kimura (8) . Sites where gaps existed in any sequences were excluded. A bootstrap analysis (1) was performed with 100 random resamplings.
Identification of strains.
Strains with 99% or more similarity in the 28S rDNA D1-D2 region and the overall ITS sequences were defined as conspecific (10, 19) . The sequence data were searched by using the BLAST system (http://www .ncbi.nlm.nih.gov/BLAST/) at the National Center for Biotechnology Information Bethesda, Md.
Biochemical characteristics. The strains were tested with the ID 32C kit (bioMérieux SA, Marcy l'Etoile, France) in accordance with the manufacturer's instructions.
Nucleotide sequence accession numbers. The nucleotide sequences discussed in this paper have been deposited in the DNA Data Bank of Japan (DDBJ), and their accession numbers are given in Table 2 .
RESULTS
Sequences of ITS regions and D1-D2 of 28S rDNA. Differences in the lengths of the ITS 1 and 2 regions were observed for the strains. ITS 1 was from 110 to 139 bp long, while ITS 2 was from 140 to 179 bp long. Matrices of the overall similarities of the ITS and the D1-D2 regions of 28S rDNA are shown in Tables 3 and 4 . According to the species concept based on sequence similarity, strains CBS 2174 and CBS 8648 and strains CBS 942 and CBS 8645 were identified as C. laurentii and C. nodaensis, respectively. The sequences of CBS 973 were completely identical to those of Trimorphomyces papilionaceus in both the 28S rDNA and ITS regions. The remaining strains, CBS 318, CBS 2409, CBS 2993, and CBS 6578 could not be identified as any known Cryptococcus species or other yeast species by use of the BLAST system. Molecular phylogenetic analysis on the basis of partial 28S rDNA sequences. Figure 1 shows the molecular phylogenetic trees based on the D1 and D2 regions of the 28S rDNA sequences constructed by the neighbor-joining method. The 10 strains of C. laurentii fell into two major phylogenetic groups. One includes the type strain of C. laurentii, C. nodaensis, and C. cellulolyticus. The other group includes T. papilionaceus and is separated from the known Cryptococcus species. The two major groups are characterized by their nuclear DNA GϩC contents (54.7 to 59.0 versus 50.8 to 52.3 mol%; Table 1).
Biochemical characteristics. Table 5 shows the biochemical characteristics and biotypes of the 10 strains of C. laurentii obtained with the ID 32C kit. CBS 318 and CBS 942 were not identified as any known yeast species with this system. The biotype of CBS 973 indicated that it was C. humicolus. The remaining seven strains were identified as C. laurentii. No differences were found in the biochemical characteristics of the two major phylogenetic groups.
DISCUSSION
The spectrum of opportunistic yeast pathogens appears to have become broader during the past few decades, accompanying an increase in the number of immunocompromised patients. Species considered rare pathogens or nonpathogenic yeasts have been reported as a cause of disease. For example, C. laurentii is responsible for both deep-seated infections, such as fungemia and meningitis, and superficial infections, such as keratitis (6, 7, 9, 14) . Our analysis of the 28S rDNA and ITS sequences revealed the diversity of C. laurentii. Although we examined only 10 strains of C. laurentii, they consisted of seven taxonomically distinct species, and examination of a larger number of strains would probably reveal more species. The C. laurentii clinical isolates were also heterogeneous, although only four strains of this species were examined. Of the strains examined, strain CBS 8645 was the first C. laurentii strain isolated; it was isolated by Kordossis et al. (9) from an AIDS patient with meningitis in 1998. We reidentified this clinical isolate as C. nodaensis from sequence comparisons. An accurate and rapid way to identify rare yeast pathogens such as C. laurentii has not been established. The taxonomies of these species are also not generally well known. It is difficult to distinguish species of C. laurentii with the ID 32C kit, and sequence analysis of the 28S rDNA or ITS region is required for differentiation. With the reclassification of pathogenic yeast, the causative agents of mycoses can be determined only at the species level in a few cases. Trichosporon cutaneum (or Tricho- 16 to 64 g/ml) with sequential exposures to increasing concentrations of this drug. As mentioned above, the reclassification of C. albicans-C. dubliniensis and T. cutaneum is clinically significant. It is not yet known whether our finding of intraspecies diversity of C. laurentii is clinically significant, but this will become clear as more examples of this species are isolated from patients. Johnson et al. (6) reviewed the literature on C. laurentii infection. They investigated three cases of fungemia and five cases of nonbloodstream infection. All the patients were treated with amphotericin B or fluconazole and had good prognoses. There are not many reports on the MICs of antifungal drugs for C. laurentii. Ryder et al. (15) reported that the MIC of fluconazole was 1 to 4 g/ml (n ϭ 7), and that that of terbinafine was 0.125 to 0.25 g/ml (n ϭ 7) for C. laurentii. These MICs are similar to those for C. neoformans. The MIC of amphotericin B (n ϭ 3) was 0.037 to 0.25 g/ml, while C. laurentii was resistant to flucytosine (n ϭ 2), although it is not known whether the C. laurentii clinical isolates tested were true C. laurentii species or other yeast species. It appears that fungal infection due to this species does not progress and become life threatening. Infections are potentially transmitted via pulmonary routes or intravenous catheters. Recently, Mattsson et al. (12) isolated C. laurentii from feral pigeons at a high frequency (69%; 24 of 35), suggesting that these birds are a possible reservoir of infection.
In conclusion, C. laurentii is a genetically heterogeneous species, and this must be taken into consideration when identifying C. laurentii clinical isolates. a Data above the diagonal refer to the overall similarities of the ITS sequences, and data below the diagonal refer to the overall similarities of the D1 and D2 regions of 28S rDNA. Boldface indicates strains with approximately 99% or more similarity in both 28S rDNA and ITS sequences. 
